
EXPERIMENTS ON EMULSIONS. I11 

BY T. R. BRIGGS 

Emulsions by Shaking 
If one shakes together in a bottle, benzene and aqueous 

sodium oleate, carrying out the process steadily and without 
interruption, the time required for complete emulsification 
increases very rapidly as the ratio of benzene to water grows 
larger. With uninterrupted shaking, a very long time and the 
expenditure of much labor are needed to produce an emul- 
sion relatively rich in benzene. Data, regarding this point 
have been submitted in a previous paper1 of this series. By 
way of illustration, in one case two hours of violent agitation 
in a mechanical shaker were required to emulsify completely 
96 cc of benzene in 4 cc of one percent solution of sodium 
oleate. As the machine was producing about 400 oscillations 
per minute, this time interval represented approximately 
48,000 shakes. Had the shaking been performed by hand, 
some patience and no little endurance would have been de- 
manded. The data follow: 

TABLE I 
Emulsions by Uninterrupted Shaking. Mechanical Shaker. 

Room 

. 

Benzene and One Percent Solution of Sodium Oleate. 
Temperature 

benzene 
in IOO volumes 

mixture 
Time required to emulsify 

(Minutes) 

30 
40 
5 0  
60 
7 0  
80 
90 
95 
96 
99 

less than I 

3 
7 

15 

40 

I 

I O  

22 

I2e( 
I (incomplete afuer 8 hours) 

less than 400 
400 

1,200 
2,800 
4,000 
6,000 
8,800 
16,000 a 

48,000 
' ?  

Briggs and Schmidt: Jour. Phys:Chem., 19, 478 (19x5). . 
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It is well known, however, that little difficulty is met 
with and comparatively slight labor is required, when emul- 
sions are formed according to the procedure followed in making 
mayonnaise. In the latter case the total quantity of oil is 
added little by little and the emulsion is built up gradually 
but far more easily and quickly than by the method of com- 
plete mixing at  the start and uninterrupted shaking. Indeed, 
an emulsion of 96 or even 99 parts of benzene is quite a simple 
thing to make, provided only that the benzene is added very 
sparingly at  the start and care is taken to emu2ify each in 
crement before continuing the additions. 

Observation of a rather puzzling phenomenon led me to 
return to this problem. On one occasion an emulsion was 
being made by shaking oil and soap solution in a glass bottle. 
For some reason the shaking was interrupted before the emul- 
sion was complete and the bottle was set aside. The unemulsi- 
fied portion of oil floated to the top in the usual way. On 
renewing the shaking after a few minutes, it was observed 
that three or four shakes (by hand) completed the emulsion, 
with quite unexpected celerity, for the ratio of oil to water 
was rather large, and long and tedious shaking would normally 
be required with uninterrupted agitation. It seemed not 
unreasonable that the mode of performing the shaking might 
be an important factor; indeed, the fact soon developed that 
intermittent shaking was vastly more effective than the un- 
interrupted agitation heretofore employed. 

The experiments which follow were performed by Messrs. 
J. C. Ashmead, C. F. Tears and I,. H. Clark as part of their 
senior research. All experiments have been confirmed in- 
dependently-by at  least two of the students mentioned above. 

Benzene and one percent sodium oleate were mixed in 
200 cc bottles. After jive powerful up and down shakes- 
necessarily by hand-the bottles were placed upright on the 
table for 30 seconds, this interval proving sufficient to allow 
the unemulsified oil to float on the surface of the incomplete 
emulsion. The shaking was repeated and the bottles allowed 
to stand for another 30 seconds. Intermittent shaking in 

' 
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Time required to  emulsify 
(Minutes) 

3 '/z 
6l/2 

IZ1/Z 

1S1/2 
22'/2 

7 
' 9  

40 

this manner was continued until all the benzene was emulsi- 
fied. The data form Table 11. 

TABLE I1 
Emulsions by Intermittent Shaking. Shaking Done by Hand. 

Two Shakes followed by Interval of 30 Seconds. 'Benzene in 
One Percent Sodium Oleate. Room Temperature. 

Number of shakes 

7 '  
. I3 

14 
18 
25 
31 
45 
80 

Volume benzene in roo 
volumes mixture 

40 .) 
60 
80 

86 
88 
90 
92 
94 
96 

84 

Time required to emulsify 
(Minutes) 

less than I 
less than I 
less than 41/2 

5 
7 
7 '/2 

I d / z  
12'/2 
2 1  

42 

Number of shakes 

A second series of emulsions was prepared in the way 
just described, except that only m e  shake was given between 
the rest intervals of 30 seconds. The results follow. 

TABLE I11 
Emulsions by Intermittent Shaking. Shaking Done by Hand. 

Benzene in One Shake followed by Interval of 30 Seconds. 
One Percent Sodium Oleate. Room Temperature 

I 

Volume benzene in IOO 
volumes misture 

80 

86 
88 
90 
92 
94 

84 

96 

To render the comparison more direct, two emulsions 
were made w.ith uninterrupted shaking by hand, at the rate 
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Volume benzene in IOG Time required to emulsify 
volumes mixture (Minutes) 

of approximately 180 shakes per minute. 
as follows: 

The results were 

TABLE TV 
Eniulsions by Uninterrupted Shaking. Shaking Done by Hand. 

Number of shakes 

I I 
60 4 . 2  750 
80 35 .o 1 6,300 ! 

The data recorded in the four tables preceding bring out 
clearly the extraordinary difference between continuous and 
intermittent agitation. Intermittent shaking reduced the 
number of shakes in the case of the 80 percent emulsion from 
6,300 to 7 and in the case of the 96 percent emulsion from 
48,000 to 80. Intermittent shaking may be six hundred or 
even a thousand times more effective than uninterrupted but 
equally violent agitation. 

Mr. Clark has carried out some further experiments, as 
follows : 

(a )  90 parts by volume of benzene and ten parts by volume 
of one percent sodium oleate solution were added to a bottle 
and shaken without interruption for an hour in a shaking 
machine. At 165 r. p. m. 
this is equivalent to 9,900 shakes. 

( b )  The same mixture was completely emulsified by 
means of only 12 shakes by the intermittent method, shaking 
once up and down by hand, and waiting one minute between 
each single shake. Time about 12 minutes. 

(c) 18 shakes were needed when 30 seconds were allowed 
to elapse between each shake. 

( d )  31 shakes were needed when only IO seconds were 
allowed to elapse between shakes. 

( e )  On employing the method used in ( b )  iintewals of 
60 seconds) only 45 shakes were needed to emulsify 95 parts 
of benzene in 5 parts of soap solution. Such an emulsion could 
not be obtained by hours of continuous shaking. 

The emulsion was still incomplete. 

Time about IO minutes. 

Time about 6 minutes. 
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Mr. Clark’s data show that the rest interval is also a factor. 
As the rest interval increases up to one minute the shakes 

time with zero interval (continuous shaking) is very large, 
the time required to form a complete emulsion passes through 
a minimum as the rest interval increases. 

These experiments as a whole may account for an inter- 
esting observation by Lenher and Buell, from whose paper1 
the following paragraph is quoted : 

“In order to study this emulsifying action of the soap 
with water and immiscible liquids, it is noted that, .  . . . . . . . 
simply a uniform shaking, such as is given by a shaking machine, 
is insufficient. A shaking machine, even when running at  
high speed, gives unsatisfactory results. In fact a shaking 
machine does not give as satisfactory results as does the jerky 
double motion by hand.” 

When emulsions are prepared by the method employed 
in making mayonnaise-that is, by adding oil little by little- 
the mixture in which soap solution is the continuous phase is 
always large by comparison with the unemulsified layer of 
benzene. It is true that, for a given mode of shaking, the 
greater the volume of the soap solution plus the emulsified 
benzene the easier it is to emulsify a given quantity of fresh 
benzene. The experiments just described seem to indicate 
that another factor besides the relative volumes must be con- 
sidered. The building of a complete emulsion is facilitated 
by allowing the emulsion complex and the benzene phase 
to form two distinct layers before each shake. This probably 
means that emulsions are formed most readily when rela- 
tively little oil is agitated briefly while in contact with a rela- 
tively*large and wzbroken volume in which soap solution is 
the continuous phase. 

Continuous shaking in a bottle must disintegrate into 
drops both soap solution and benzene. Since the soap solu- 
tion in an emulsion is the continuous phase, any process tend- 
ing to disintegrate soap solution must retard emulsification ; 

* needed decrease, but the time elapsing increases. Since the 

- 

Jour. Ind. Eng. Chem., 8, 702 (1916). 
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Volume benzene in IOO 
volumes mixture 

60 
7 0  
80 
90 
92 

likewise any process tending to disintegrate benzene must aid 
emulsification. When benzene is disintegrated into drops 
in-soap solution the soap prevents the drops from coalescing. 
There is nothing, however, to prevent the rapid coalescence 
of water drops in benzene, so that it is not difficult to see why 
shaking produces in due time a complete emulsion of benzene 
in soap solution. It should be harder to disintegrate all the 
soap solution and easier to break up the benzene when the 
volume of the solution is relatively large, hence the emulsion 
should result quickly. Some time must elapse before maximum 
disintegration of the soap solution occurs on shaking and during 
this time it seems reasonable to believe that benzene would 
be emulsified permanently in greatest amount ; hence the first 
few shakes should be more effective than the subsequent ones. 
If this be granted, the beneficial action of intermittent shaking 
follows at once. 

In the light of this reasoning, one is justified in expecting 
rapid and easy emulsification whenever benzene is disinte- 
grated under conditions unfavorable to the simultaneous dis- 
integration of soap solution. Rolling or dragging the 
benzene layer over the soap solution might fulfill these condi- 
tions. One way of doing this experimentally is to employ 
a mortar and pestle, as is done in the so-called “Continental” 
method. Rolling a mixture of benzene and soap solution in 
a cylindrical bottle is another, and this experiment was tried 
for me by Mr. Tears. 

TABLE V 

I 

Emulsions by Rolling. One Percent Sodium Oleate. 

Time required to  emulsify Distance 
(Minutes) (Feet) 

‘/2 60 ’ 

”3 80  
I 140 
2 276 
3 “ 420 
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A 250-cc cylindrical bottle containing benzene and soap 
solution was rolled backwards and forwards in a simple ap- 
paratus. The total distance travelled by the rolling bottle 
and the time required for complete emulsification are recorded 
in Table V. 

These data, taken in conjunction with those of Table I 
and elsewhere, bring out in a striking manner the ease with 

* which benzene emulsions may be made by the method of 
rolling. They also afford support to the general theory out- 
lined in the preceding paragraphs. 

The general results of this paper may be summarized as 
follows : 

I .  In making emulsions by direct shaking, intermittent 
shaking is far more efficient than uninterrupted shaking, even 
in a shaking machine. 

2 .  The time and the number of shakes required to com- 
plete an emulsion both vary with the rest interval between 
shakes. 

3.  Emulsions are easily made by rolling or rotating cylin- 
drical bottles containing oil and soap solution. This mode of 
procedure is similar to the “Continental” method, which will 
form the subject of a separate paper in this series. 

4. The ideal emulsifying process is one causing the benzene 
to break up into drops with the least disintegration of the 
aqueous soap solution. I 

Cornell University 


